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Abstract 

Background: Elderly people obtain significant health benefits from physical activity (PA), but the role of activity 
patterns has scarcely been researched. The present study aims to describe the patterns of PA among different 
intensities of activity in elderly people. We assess how patterns differ between more and less active groups 
('rare', 'average', and 'frequent'), and explore whether and how various PA parameters are associated with functional 
exercise capacity (FEC). 

Methods: PA was measured in 168 subjects (78 males; 65-89 years of age), using a triaxial GT3X accelerometer for 
ten consecutive days. Subjects were divided into three groups by activity and the groups were compared. A multiple 
linear regression model was used to predict FEG. 

Results: Participants greater than or equal to 80 years are most prone to being sedentary for long periods, while 
women and the obese are the groups most likely to spend insufficient time in moderate to vigorous PA (MVP A). Rarely 
active elderly people had a decreased proportion of long bouts of MVPA and light PA and of short bouts in sedentary 
behavior than frequently active subjects did (p < 0.001). As predictors of FEC, younger age, lower BMI, male sex, better 
lung function, absence of multimorbidity, longer times and longer bouts of MVPA emerged as significant parameters 
(r 2 = 0.54). Patterns of MVPA explained most of the variance. 

Conclusions: PA patterns provide information beyond reports of activity alone. MVPA in elderly people may be 
increased by increasing the proportion of long bouts, in order to increase FEC as well as average PA. However, health 
conditions may limit PA. In rarely active people (often with reduced FEC, worse lung function, and diagnosis of 
multimorbidity or disability), longer periods of time in light PA may be sufficient to increase the overall level of activity. 
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Background 

Physical activity (PA) in elderly people helps maintain 
health, independence and quality of life, and diminishes 
the burden on health and social care [1]. In 2010 the 
World Health Organization (WHO) stated that adults of 
all ages should perform a minimum of 150 minutes of 
moderate to vigorous PA (MVPA) per week in bouts of 
at least 10 minutes [2]. This is more than most of the 
older adults achieve. In a large study by Tucker et al [3], 
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only 47% to 63% of US people aged 60 or older met the 
US guidelines for PA based on self-report: based on ob- 
jectively measured PA, only 6% to 26% of elderly adults 
met the guidelines. Although estimates of PA vary, there 
is a clear need to promote PA among elderly people. 

Accelerometers, which record movement over a certain 
period of time, are the most common instrument for the 
objective monitoring of PA in large epidemiological stud- 
ies. The output is usually expressed as activity counts', 
which characterize the duration and intensity of move- 
ment of the accelerometer and thus the subject. Several 
studies use these signals to characterize the time or pro- 
portion of time per day spent in different intensity levels 
of activity. Few studies describe patterns of PA, such 
as frequency and duration of PA bouts or intervals in 
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different intensity levels: even fewer look specifically at 
older adults [4]. 

Activity patterns have been proposed as a new group 
of PA outcomes, which may offer additional information 
beyond reports of activity counts and activity type recog- 
nition [4]. In 2007, a method was developed to quantify 
the number of activity epochs in a day and to estimate 
random minute-to-minute fluctuations in activity [5]. 
The study assessed age-related trends in adults and 
showed that the new measures to describe PA pattern 
were more sensitive than mean parameters of activity, 
suggesting a shift with age towards less complex, less 
physiologically demanding patterns of activity. Chastin 
and colleagues [6] extended the work by using the 
'GINI-index' (G), a measure of inequality popularized 
in economic literature to measure inequality of bout 
lengths. This describes the pattern of accumulation of 
sedentary time and thus enables to evaluate and quantify 
sedentary behavior. By extension, this index can be ap- 
plied to light, moderate and vigorous activity as well. 

Recent evidence suggests that the interaction between 
periods of sedentary and active behavior provides dif- 
ferent health information than the assessment of mean 
activity parameters alone: thus many studies focus on 
the pattern of sedentary behavior and walking [5-7]. 
However, as "aerobic activity should be performed in 
bouts of at least 10 minutes duration" to achieve benefi- 
cial health effects [2], it is essential to reflect the patterns 
of MVPA as well. Consequently, we aim to describe the 
patterns of PA in all three intensity levels: sedentary, 
light, and MVPA. 

We compare the accumulated time in the intensity 
levels (sedentary PA, light PA, MVPA) among elderly 
people with different levels of activity as well as the ac- 
tivity patterns between these groups (rare', average', and 
'frequent'). Subjects' age, gender, and body mass index 
(BMI) are used to compare different PA parameters. We 
identify different risk groups and provide recommenda- 
tions for behavioral interventions to support prevention 
of inactivity and related diseases in elderly people. 

Furthermore, we examine the associations between 
several PA parameters and the clinical, well-established 
functional exercise capacity test (6 minutes walking test, 
6MWT) [8], in order to assess the role of accumulated 
time spent in different intensity levels and related PA 
patterns in predicting functional exercise capacity. 

Methods 

Study population 

Participants were a subsample of the 'Kooperative 
Gesundheitsforschung in der Region Augsburg' (KORA) 
study [8]. The KORA-Age study was approved by the 
ethics committee of the State Board of Physicians, written 
informed consent has been obtained from the participants 



and all investigations have been conducted according to 
the principles expressed in the Declaration of Helsinki. 

200 subjects were extracted from the first and fourth 
quartiles of lung function from the study population and 
grouped by 'better' or worse' lung function. Nine subjects 
refused to attend due to personal or organizational rea- 
sons. PA levels from the non-dominant side of the hip 
were assessed by means of a GT3X (ActiGraph, Pensacola, 
FL, USA) accelerometer in 191 elderly subjects over 10 days 
during everyday life. More detailed information about the 
methods is presented in Additional file 1. 

Wear time calculation 

PA data were downloaded using the ActiLife Software 4.0 
(ActiGraph) and were further processed using MATLAB 
R2012a (MathWorks, Natick, MA, USA). We applied an 
adjusted algorithm of Hecht et al. [9] to determine the 
wearing time. PA data from the first recorded day were 
eliminated. Furthermore, subjects were excluded if they did 
not reach a minimum of four valid days (> 10 hours of re- 
cording/day). 168 subjects (88.9%) were eligible for analysis. 

Data processing and accelerometer measures 

Several variables were obtained from accelerometer data 
(uniaxial, 60-second epochs) to represent the character- 
istics of PA. Figure 1 presents an overview of the most 
important PA variables concerning this analysis. Parame- 
ters used in this study were: 

Average activity 

Average activity is the total number of counts for all valid 
days, divided by wearing time, for each individual. This 
variable was divided into 3 groups: rare' (< 25th percentile), 
average' (> 25th - < 75th percentile) and 'frequent' (> 75th 
percentile). 



Figure 1 Structure of physical activity variables. PA = physical 
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Intensity levels 

Activity counts were assigned to the different intensity 
levels using cut points published by Freedson et al. [10] 
for light, moderate, and vigorous PA (Figure 2A). Seden- 
tary behavior was classified as < 100 counts per minute. 

We used the Freedson kcal equation, which provides 
most comparable data [11] and gives close estimates of 
both light and moderate PA [12]. We present the results 
of MVPA based on both equations in the additional file 
(see Additional file 2: Table SI) in order to compare 
Freedson s cut points with the more recently developed 
cut points by Copeland and Esliger for elderly people 
[13]. This indicates how the choice of cut points may 
influence estimation of PA. 

PA patterns 

Patterns of PA are described in terms of activity bouts. 
We define a bout as consecutive minutes spent at a spe- 
cific intensity level without interruption (Figure 2B). 
Bouts are characterized by their duration and frequency 
throughout recording time. This is classified by the 
so-called GINI-index (G), introduced by Chastin and 
colleagues (Figure 1) [6], which ranges from 0 to 1 and 
expresses the variability in bout length for a given 
amount of activity. Examples of high and low G are 
presented in the additional file (see Additional file 3: 
Figure S1A-C and Figure S2A-C) with corresponding 
visualization of PA by means of activity counts, bouts, 
and Lorenz-curves. A G value close to zero shows a lot 
of bouts of the same length: in this case, the Lorenz 
curve converts to the bisecting line. In contrast, a high 
G value indicates that activity bouts are highly unequal 
in length. The larger the inequality is, the higher be- 
comes the G value and the larger is the area under the 
Lorenz curve (Figure 3). 

The G value of each intensity level was plotted against 
the time spent in each intensity level in order to examine 



associations between the two features. It is important to 
note that G is a measure of bout distribution, not length. 
Therefore, further parameters like mean and median 
length were calculated. Moreover, the percentage of time 
spent in bouts longer than the median was calculated. 

Subjects characteristics and clinical parameters 

Age was divided into four groups: age 65-69, 70-74, 
75-79, and over 79. BMI was classified as underweight 
(< 18.5 kg/m 2 ), normal weig ht (18.5-24.9 kg/m 2 ), over- 
weight (25.0-29.9 kg/m 2 ) and obese (> 30.0 kg/m 2 ). 
No participant was underweight, 25.4% (n = 43) were of 
normal weight, 51.5% (n = 87) were overweight, and 
23.1% (n = 39) were obese. Multimorbidity is the presence 
of more than one chronic disease of the following 13: 
hypertension, eye disease, heart disease, diabetes melli- 
tus, joint disease, lung disease, gastrointestinal disease, 
mental illness, stroke, cancer, kidney disease, neuro- 
logical disease, and liver disease. Detailed description is 
available in Kirchberger et al. [14]. Disability was assessed 
with the Health Assessment Questionnaire Disability Index 
(HAQ-DI) [15] and was defined as HAQ-DI > 0. For more 
detailed information see Stobl et al. [16]. Functional exer- 
cise capacity was assessed using the six-minute walking 
test (6MWT) [17] and expressed as six-minute walking 
distance (6MWD). Lung function was considered as a po- 
tential confounder, since the participants of this study were 
selected based on spirometry values (see Additional file 1, 
study population'). PA variables (PA times and G values at 
each intensity level) were tested for association with age, 
gender, and BMI. 

Statistical analyses 

Data was analyzed in SAS 9.2. Differences between the 
three activity groups ('rare', average', and 'frequent') were 
analyzed using the Kruskal-Wallis test for metric variables 
and Chi-square test for categorical variables. Wilcoxon's 
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Figure 2 Visualization of PA counts per minute (A) and PA bouts (B) over three hours. PA = physical activity; MVPA = moderate to vigorous 
physical activity. A) The two lines (at 100 and 1952 counts) reflect the cut-points for light activity and MVPA. Values < 100 correspond to sedentary 
PA, values between 100-1951 to light PA and > 1952 to MVPA [10]. B) — •— 1 -minute-bout. 
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Figure 3 Lorenz curves of sedentary (A), light (B), and 
moderate to vigorous (C) physical activity. The GINI-index (G) 
corresponds to the area between the curve and the line of perfect 
equality (G = 0), marked by a solid line. High G= mainly few long 
bouts are responsible for the activity pattern; low G = mainly short 
bouts of similar length contribute to the activity pattern. 



rank sum test was applied for pairwise comparisons of 
metric variables. Spearman correlation coefficient was 
used for correlation analyses. To identify differences re- 
garding individual metric PA variables and categorical 
subject characteristics, we used Kruskal-Wallis test for 
three or more groups (BMI and age) and Wilcoxons 
rank sum for two groups (gender). We used Bonferroni 
correction for all pairwise comparisons. 

Collinearity diagnostics were used to test for multicol- 
linearity between explanatory variables. Variables with a 
tolerance (T = 1 - R 2 ) of less than 0.20 were eliminated 
[18]. A multiple stepwise linear regression model was used 
to predict exercise capacity. Statistically significant differ- 
ences were assumed at a significance level of p < 0.05. 

Results 

Subject characteristics and clinical parameters 

Table 1 shows the characteristics and clinical parameters 
of the subjects, stratified by activity group (rare', average', 
and 'frequent'). The final sample comprised 78 men and 
91 women, with a median (5%, 95%) age of 73 (65, 86). 
The distribution of participants over the three different 
activity groups illustrates that PA decreases with increas- 
ing age and BMI. No significant differences were found 
between men and women. 

There were also disparities among the three differently 
active groups relating to lung function, multimorbidity, 
disability, and 6MWD. Average PA decreases with de- 
creasing 6MWD, worse lung function, incidence of mul- 
timorbidity and incidence of disability. After pairwise 
comparisons, all significant results remained significant 
between rarely and frequently active people. In contrast, 
only disability showed significant results when compar- 
ing the frequent with the average group (see Additional 
file 2: Table S2). 

Characterization of PA 

Overall, participants had 8.1 ± 1.5 (mean ± SD) days of 
valid activity recordings. The mean wear time was 740 ± 
114 minutes per day. The average activity per day was 
248 cpm. Subjects spent 504 ± 89 minutes in sedentary 
activities, 252 ± 80 minutes in light activities and 19 ± 
21 minutes in MVPA per day according to Freedson and 
49 ± 39 minutes in MVPA according to Copeland and 
Esliger (see Additional file 2: Table SI). Substantial dif- 
ferences can be noted for the time spent in MVPA in all 
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Table 1 Characteristics and clinical parameters of individuals, by activity group 


Characteristic 


All 


Rare 


Average 


Frequent 


P value 




(n = 168) 


(n = 42) 


(n = 84) 


(n = 42) 




Age (years) 


73.0 (65.0,86.0) 


80.5 (66.0,87.0) 


72.5 (66.0,84.0) 


70.0 (65.0,79.0) 


<.0001 


Gender, male (%) 


46.4 (n = 78) 


35.7 (n = 15) 


48.8 (n=41) 


52.4 (n = 22) 


0.2556 


BMI (kg/m 2 ) 


27.2 (22.6,35.0) 


28.8 (23.6,37.6) 


27.0 (21.3,34.7) 


26.9 (22.8,32.5) 


0.0272 


Lung function 












FVC (pp.) 


102.7 (73.5,128.0) 


92.3 (69.1,123.9) 


103.2 (77.9,133.2) 


112.3 (76.4,127.1) 




FEV 1 ( pp.) 


106.4 (65.4,130.8) 


85.2 (62.8,130.8) 


106.4 (68.2,132.6) 


112.5 (67.5,128.3) 




FBVFVC (L) 


0.74 (0.61,0.85) 


0.72 (0.61,0.85) 


0.74 (0.62,0.86) 


0.77 (0.66,0.84) 




Lung group, better (%) 


54.4 (n = 92) 


38.1 (n = 16) 


56.0 (n=47) 


69.1 (n = 29) 


0.0164 


Multimorbidity, yes (%) 


51.8 (n = 87) 


69.1 (n = 29) 


47.6 (n=40) 


42.9 (n = 18) 


0.0312 


Disability, yes (%) 


41.7 (n = 70) 


61.9 (n = 26) 


41.7 (n = 35) 


21.4 (n = 9) 


0.0008 


6MWD (m) 


466 (274,625) 


369 (235,486) 


467 (290,593) 


536 (379,668) 


<.0001 



P-values result from Kruskal-Wallis for metric variables and Chi 2 -test for categorical variables. BMI = body mass index, 6MWD = six minute walking distance, 
pp = percent predicted, L = liter. 
Median (5%, 95%). 



activity groups, with the largest differences in the rarely 
active group. 

Table 2 presents the medians for accumulated time 
spent in PA at different intensity levels in percent (PA time 
(%)) as well as different variables that describe the patterns 
of PA in each intensity level Active people spent propor- 
tionally less time in sedentary activity and more time in 
both the light and MVPA level than less active people. 
These differences were most obvious at the MVPA level. 

Percentage of total time spent in bouts greater than 
the median length, as well as median bout length, show 
that distribution of bout lengths differs between the ac- 
tivity groups in each intensity level. In the most active 
group at least 50% of MVPA bouts were shorter than 
or equal to 1 minute, but bouts longer than this con- 
tributed the majority (81%) of total time in MVPA. This 
trend is attenuated in moderately and rarely active 
people (70% and 0%). However, the imbalance between 
the number of bouts and their contribution to accumu- 
lation of time in the considered intensity level, here 
MVPA, can also be observed in the two other intensity 
levels. Values of the mean bout length support this find- 
ing. Since the majority of bouts were short among all 
intensity levels within all activity groups (Figure 4), me- 
dian bout lengths differed only slightly, however signifi- 
cantly, between the three groups. 

To demonstrate accumulation of PA at various bout 
lengths, G (GINI-Index) values and the respective Lorenz 
curves are presented in Table 2 and Figure 3A-C. G values 
in all levels must be interpreted in the following way: high 
G values: large difference between min and max bout 
length and relatively high proportion of long bouts with 
regard to the overall time; Low G values: an activity pat- 
tern characterized by a lot of bouts of similar length. 



Average G values may arise in two ways: (i) intermediate 
difference between min and max bout length or, (ii) con- 
siderable differences without favoring short or long bouts. 
In comparison to high G values, the proportion of long 
bouts is decreased. 

G values differed between the three intensity levels of 
PA and between the three activity groups within the 
levels. Values of G tended to decrease with increasing 
intensity level. At the sedentary level, a high proportion 
of overall PA time tends to be composed of long bouts 
(G = 0.63 over all participants), while light PA and MVPA 
predominately consist of medium bouts (G = 0.48 and 
G = 0.43 over all participants). Furthermore, frequently ac- 
tive people showed the largest areas under the Lorenz 
curves and accordingly the highest G values for MVPA 
and light PA and the lowest G values for sedentary. For 
rarely active people it was the other way around. Hence, 
physical exercise was composed of an increased proportion 
of medium to long bouts in more active compared to less 
active subjects, whereas sedentary behavior was character- 
ized by a lower proportion of medium to long bouts. Again, 
the discrepancies were most obvious at the MVPA level. 

Associations between PA time spent within an inten- 
sity level and the respective G value showed moderate to 
strong correlations between PA times and PA patterns 
within intensity levels (r = 0.34 for sedentary, r = 0.65 for 
light, and r = 0.73 for MVPA). 

Effect of age, gender and BMI on PA intensities 

Table 3 presents associations between selected PA vari- 
ables (PA time and G values within the three intensity 
levels) and participant characteristics (gender, age group, 
and BMI group). Except for G for MVPA (G M vpa)> all 
PA variables showed significant differences by age. Those 
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Table 2 Values for PA data analysis, by activity group 


Characteristic 


All 


Rare 


Average 


Frequent 


P value 




(n = 168) 


(n = 42) 


(n = 84) 


(n = 42) 




PA (% of time) 












Sedentary 


0.65 (0.50, 0.82) 


0.74 (0.66,0.85) 


0.65 (0.54,0.74) 


0.59 (0.41,0.67) 


<.0001 


Light 


0.32 (0.18,0.48) 


0.25 (0.15,0.34) 


0.33 (0.22,0.45) 


0.35 (0.27,0.54) 


<.0001 


MVPA 


0.02 (0.00,0.08) 


0.00 (0.00,0.01) 


0.02 (0.00,0.04) 


0.05 (0.01, 0.10) 


<.0001 


Median BL (min) 












Sedentary 


3.00 (2.00, 4.50) 


3.00 (2.00, 5.00) 


3.00 (2.00,4.00) 


2.00 (2.00, 3.00) 


<.0001** 


Light 


2.00 (1.00, 2.50) 


2.00(1.00, 2.00) 


2.00 (2.00, 2.50) 


2.00 (2.00, 3.00) 


<.ooor* 


MVPA 


1.00 (1.00, 3.00) 


1.00(1.00, 2.00) 


1.00 (1.00, 2.50) 


1.00 (1.00, 4.00) 


0.0256 


% time > median BL 












Sedentary 


0.89 (0.84, 0.92) 


0.90 (0.86, 0.92) 


0.88 (0.84, 0.92) 


0.88 (0.81,0.91) 


0.0010 


Light 


0.75 (0.61, 0.84) 


0.71 (0.58, 0.77) 


0.76 (0.66, 0.84) 


0.78 (0.69, 0.85) 


<.0001 


MVPA 


0.69 (0.00, 0.89) 


0.00 (0.00, 0.81) 


0.70 (0.00, 0.87) 


0.81 (0.48, 0.91) 


<.0001 


Mean BL (min) 












Sedentary 


7.08 (4.78, 11.81) 


8.64 (6.13, 12.58) 


6.91 (4.80, 9.97) 


6.31 (4.18, 8.58) 


<.0001 


Light 


3.14(2.10, 4.76) 


2.78 (1.92, 3.44) 


3.30 (2.40, 4.65) 


3.58 (2.84, 5.45) 


<.0001 


MVPA 


2.21 (1.00, 6.42) 


1.00(1.00, 3.46) 


2.26 (1.00,5.34) 


3.70 (1.39, 7.61) 


<.0001 


GINI-index 












^sedentary 


0.63 (0.57,0.68) 


0.65 (0.60, 0.68) 


0.63 (0.58,0.68) 


0.62(0.57,0.67) 


0.0004 


Glight 


0.48 (0.37,0.55) 


0.44 (0.34,0.48) 


0.49 (0.41,0.55) 


0.50 (0.44,0.55) 


<.0001 


Gmvpa* 


0.43 (0.00,0.66) 


0.16 (0.00,0.59) 


0.44 (0.14,0.66) 


0.51 (0.23,0.66) 


<.0001 



P-values result from Kruskal-Wallis test; PA = physical activity; MVPA = moderate to vigorous PA; BL = bout length; % time > median BL = percentage contribution 
to the total time in bouts greater than the median bout length; *n = 156 (33/82/41 for rare/average/frequent).**significant p values due to different variances. 
Median (5%, 95%). 



over age 79 were more sedentary and less active at all in- 
tensities of PA. See Additional file 2: Table S4. Moreover, 
the G of light PA (Gu ght ) showed negative associations 
while that of sedentary PA (G se dentar y ) was positively as- 
sociated with age, indicating that older subjects tended 
to spend longer bouts in the sedentary level and shorter 
bouts in the light level than younger subjects. Gender 
differences were found only for time in MVPA: men 
spend more time in MVPA than women. Lastly, obese 
people showed lower G M vpa values and spent less time 
in the MVPA level than normal weight persons (see 
Additional file 2: Table S3b). 

Prediction of FEC 

For the prediction of FEC all potential explanatory vari- 
ables (intensity variables, GINI-indices, individual char- 
acteristics and clinical parameters) were included in the 
initial model. Light PA was set as baseline, and the other 
two categories were compared to it. As shown in Table 4, 
the final model explains 56% of the variance in FEC. 

The single biggest predictor of FEC was G MV pa explain- 
ing 27% of total variance. 2% more was explained by the 
total amount of MVPA. Age predicted 12% of variance, 
and gender, lung group, multimorbidity and BMI 



together predicted 16%. Younger age, male sex, better 
lung function, the absence of multimorbidity and lower 
BMI (at least normal weight) were protective. 

Discussion 

Our study shows that the elderly spent 65% of their daily 
time being sedentary and 35% being active, of which 
only 2% was MVPA. These results are similar to those 
reported from other elderly samples [19-21]. Duration of 
activity bouts decreased with increasing intensity level, 
i.e. substantially more minutes are continuously spent 
sedentary than in light activity or MVPA. Other studies 
which examined the patterns of elderly people in differ- 
ent activity levels are rare. Lord et al. [22] examined the 
G of sedentary activity and walking in elderly people and 
presented similar results to ours: sedentary bouts tended 
to be longer than walking bouts. In contrast, Donaire- 
Gonalez and colleagues [23] did not find differences con- 
cerning the duration of bouts in MVPA and overall PA. 
However, in their study, the duration of bouts was 
expressed as the median bout length which may be a 
less significant measure than the G value itself. 

Subjects in the frequently active group were more ac- 
tive than others at all levels of PA, spending more time 
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Figure 4 Distribution of PA bouts of sedentary (A), light (B), 
and moderate to vigorous (C) physical activity. 



Table 3 PA variables (intensities and patterns), by 



gender, age, BMI 



n = 168 

PA variables 


Age group 1 
(p value) 


Gender 
(p value) 


BMI group 2 
(p value) 


PA time (%) 








Sedentary 


<.0001 


0.8300 


0.2564 


Light 


0.0005 


0.3740 


0.6067 


MVPA 


<.0001 


0.0221 


<.0001 


GINI-index 








^sedentary 


0.0347 


0.0862 


0.3325 


Gljght 


0.0115 


0.7577 


0.8457 


^MVPA 


0.2294 


0.1038 


0.0003 



^ge groups: 65-69 years, 70-74 years, 75-79 years, and > 80 years. 

2 BMI groups: normal weight (18.5-24.9 kg/m 2 ), overweight (25.0-29.9 kg/m 2 ) 

and obese (> 30.0 kg/m 2 ). 



P-values for comparisons between genders result from Wilcoxon test and for 
comparisons between Age groups and BMI groups from Kruskal-Wallis test. 
BMI = body mass index; PA = physical activity; MVPA = moderate to vigorous 
PA; *n = 156; Significant values are written in bold, p< .05. 



in both light activity and MVPA than the comparison 
groups and less time sedentary. PA patterns differed by 
degree of activity (rare', average', and 'frequent') among 
all intensity levels. Findings were most clear with regard 
to the time in MVPA as well as G M vpa- the more active 
a person was, the larger was the proportion of long 
bouts in light and MVPA and the larger was the propor- 
tion of short bouts in the sedentary level 

To our knowledge, the work of Chastin et al. [6] was 
the only other publication that compared PA patterns of 
more and less active people. They focused on patterns of 
sedentary activity and found that the sedentary time of 
less active subjects was composed of longer rest periods, 
which is in accordance with our findings. 

PA time was correlated with PA patterns: an increased 
proportion of long bouts (higher G values) was positively 
correlated with the accumulated PA time in the respective 
intensity level. This effect was most significant for MVPA. 
Comparisons between the different activity groups support 
this finding. Accordingly, a higher proportion of long bouts 
in light PA as well as in MVPA may be beneficial to in- 
crease the overall activity time in rarely active people. In 
contrast, given a certain activity level, the proportion 
of long bouts in MVPA must be increased in order to 
increase the overall activity level and related health ben- 
efits [24], as patterns of light PA do not differ signifi- 
cantly between the average and frequent group (see 
Additional file 2: Table S2). 

However, these recommendations may need to be ad- 
justed for each individual, particularly for people in the 
rare group. Exercise capacity and specific health condi- 
tions [2,25] may limit the ability to perform PA. In our 
sample, rarely active people typically had reduced FEC, 
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Table 4 Predictors of functional exercise capacity on multivariate analysis 


Predictor 


B 


B 


P value 


Partial r 2 


Model r 2 


Adjusted r 2 


Gmvpa 


1.0 


0.21 


<.0001 


0.27 


0.56 


0.54 


Age group 


-25.0 


-0.30 


<.0001 


0.12 






Gender 


-37.2 


-0.20 


0.0004 


0.05 






Lung group 


-38.1 


-0.20 


0.0001 


0.05 






Multimorbidity 


-32.9 


-0.17 


0.0005 


0.04 






BMI group 


-22.1 


-0.15 


0.0145 


0.02 






MVPA 


5.7 


0.15 


0.0169 


0.02 







GMVPA = GINI-index of MVPA; MVPA = moderate to vigorous physical activity; B = un standardized regression coefficient; Beta = standardized regression 
coefficient; n = 156. 



poor lung function, higher prevalence of multimorbidity, 
and higher prevalence of disability. However, many dis- 
abled or multimorbid persons in our sample achieved 
higher levels of PA than people without disability or 
multimorbidity. Thus, disability and multimorbidity do 
not necessarily limit PA. 

We tested associations between PA times and G values 
with age, gender, and BMI within each intensity level, in 
order to examine whether and how particular intensity 
levels and patterns differ in specific groups. Older partic- 
ipants, obese persons and women seem to be particularly 
prone to a sedentary lifestyle. The reduced average activ- 
ity of obese subjects is particularly associated with de- 
creased time in MVPA, whereas the reduced average 
activity of elderly participants is due to a decreased time 
in both light PA and MVPA. 

Examinations of the relationship between PA and gen- 
der are inconsistent. Gardner and colleagues [7], for 
example, demonstrated that women with intermittent 
claudication aged 65 ambulate slower than men. Jakicic 
et al. [26] objectively measured the MVPA patterns of 
59-year-old overweight and obese individuals with type 2 
diabetes mellitus, and found that men have a larger 
amount of bouts >10 minutes in that level than women. 
Those findings agree with ours, whereas their results of 
BMI and age are contrary: they found no associations 
between MVPA bouts and age or BMI [26]. In line with 
our results, other studies found that the proportion of 
long bouts (8-10 min/day) of MVPA declines with in- 
creasing BMI and advancing age [27,28]. Lastly, a study 
with subjects aged 70-88 identified younger age and 
lower BMI as significant predictors of walking. There 
was no correlation between PA and gender [22]. 

Younger age, lower BMI, male sex, better lung func- 
tion, absence of multimorbidity, more time and longer 
bouts (higher G values) in the MVPA level, emerged as 
significant predictors of exercise capacity: they explained 
56% of the total variance in FEC. It is important to note 
that G M vpa accounted for 27% of the variance, by far 
the largest single predictor. This finding indicates that in 
addition to the well-known relationship between FEC 



and PA in terms of duration and intensity, there is also 
one in terms of patterns. Correlations between FEC and 
PA characteristics (such as intensities or patterns) have 
been examined and evidenced before [29-31]. However, 
these studies either used univariate analysis or failed to 
consider detailed information about PA (like intensities 
and patterns). Hernandes et al. [29], for example, dem- 
onstrated that the intensity of movement correlates with 
6MWD in healthy elderly individuals (r = 0.49; p < 0.01) 
and that walking time is positively associated with FEC 
in COPD patients (r = 0.42; p < 0.01). However, no infor- 
mation about further predictors of FEC was shown. 
Moreover, no advice about the level of intensity is given. 

Our findings underline the current PA guidelines for 
older adults [2,25], which imply that activity should be 
at least moderate intensity. Moreover, our results sup- 
port the fact that a higher proportion of longer bouts 
predict FEC better than a higher proportion of shorter 
bouts, with potential greater effect on health [31]. 

The present study is the first one that examined PA pat- 
terns in terms of G among three different intensity levels 
(sedentary PA, light PA, and MVPA) and thus presents de- 
tailed and differentiated information about activity patterns 
of different intensities in elderly people. We identified associ- 
ations between times and patterns of PA in different intensity 
levels and examined the relationship regarding FEC. How- 
ever, due to the cross-sectional study design the direction of 
causality of the examined associations cannot be assured. 

Recognized limitations of accelerometers include their 
inability to detect non-walking activity such as resistance 
training or cycling. Thus they are likely to underestimate 
such activities [19] and related bout lengths. Another 
limitation of this study is the questionable validity of the 
cut-points applied to classify activities into intensity 
levels. No general standard for transforming activity data 
into different intensity levels exists [32] although there 
are many validation and calibration studies. We chose 
the algorithm by Freedson et al. [10] because it is the most 
often used validated algorithm for ActiGraph sensors [11] 
and therefore has the highest potential to provide com- 
parable data. Since the calibration study of Copeland 
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and Esliger [13] was been performed specifically with 
older adults, we also present PA variables based on these 
cut points in order to increase the comparability of this 
novel method for the future. As expected, differences for 
time spent in MVPA are detectable, particularly among in- 
dividuals who are infrequently active. Direct comparison 
of PA variables would enable systematic measurement of 
how choice of cut-points influences prediction of PA levels 
and patterns. We consider this a very interesting scientific 
issue and plan to discuss it in a separate paper. 

In conclusion, both time spent in MVPA and G M vpa 
emerged as important predictors for functional exercise 
capacity. Time in MVPA can most profitably be increased 
by increasing the proportion of long bouts which enhances 
activity levels and meets recommendations for PA while 
simultaneously increasing G. These recommendations can 
be followed by most older adults, but those with functional 
or health-related limitations may need to adjust accord- 
ingly. In rarely active people (commonly characterized by 
higher age, higher BMI, reduced functional exercise cap- 
acity, worse lung function, and multimorbidity and disabil- 
ity) even light activity, i.e. a higher proportion of long 
bouts in light PA, may increase average activity levels. 
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